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Abstract 
Recently the planning of green infrastructure (GI) has become a general practice around metropolis (Paris, 
München, Budapest, etc). A complex methodology is required that goes beyond the scope of traditional green 
surface systems. However, there are various policy implications in the EU, the smaller towns are lagging to apply 
them. The paper presents a potential evaluation method through the case study of Keszthely, HU. As Keszthely at 
Balaton Riviera, is a popular touristic target of CEE, the environmental planning is an essential part of sustainable 
development.  
After a literature analyses of assessment methods of GI and ecosystem services, the aspects of GI have been valued 
on grade scales, based on field surveys and indicators. The current status of the GI was surveyed which is a base 
for further development and monitoring activities. The paper introduces the methodology, which contributes to 
preservation of ecosystems.  
Keywords: GI assessment, ecosystem service assessment, Keszthely, Balaton, evaluation, tourism 
1. Introduction 
The issue of green infrastructure (GI) is more and more often faced during development of settlements, although 
usually only minor investments (e.g. green roofs) are associated with it. Such developments do raise awareness, 
but could be truly efficient if a proper strategy is connected to them. Several such strategies are known on 
international level (Davies et al. 2010, Naumann et al. 2011, European Green City Index), and despite of a number 
of good practices, this field is in its infancy in Hungary. In our work, the city of Keszthely has been selected as an 
example to elaborate proposals for a greener settlement. When developing the evaluation methodology, experience 
of multiple fields was gathered, such as professional surveys, international practice, national recommendations 
and needs of the city council. The created cadastral database can be further developed and is able to support across-
the-broad strategic planning and development of the city’s future, which foster both the improvement of ecological 
quality and socio-economic goals. 
GI is a relatively new terminology, although similar ones are found in Hungarian literature as well. Green space 
systems (Jámbor, 1982) cover parks, protection forests, certain land use types and forests. The green network 
concept of Balázs Almási (Almási, 2007) extends this, including all areas with vegetation. The idea of GI, however, 
is more complex than these early Hungarian definitions. The first introduction of GI in Hungarian literature was 
given by Béla Oláh András (Oláh, 2012), which was followed by a more extensive definition, given by the Green 
Infrastructure Development Reservation and Guide, published in 2016: “GI are those strategically planned 
networks of natural and semi-natural areas and other vegetational areas serving ecological purpose, which are 
planned and directed in a way to be able to supply a wide range of ecosystem services. Main elements of GI are 
green areas (“green elements”) and water surfaces (“blue elements”). GI can complement or occasionally replace 
technical (“grey”) elements of the infrastructure, like roads, canals, utility lines, equipment and buildings. GI 
functions as a network enabling the flow of material and energy and securing the supply of those. In another way, 
GI is a conceptional approach, which aims to provide ecosystem goods and services in an integrated way (through 
protection and development of ecosystem elements and their connections), decreasing environmental and climate 
risks, thus helping to retain of population. 
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Various approaches are seen in the literature as well, having the common feature that GI is a network, which 
includes elements of natural and near natural areas (Seiwert and Rößler, 2020). Most of the definitions also 
highlight the necessity of preserving the quality of the ecosystem (EC, 2012, 2013), however those can be 
concurrent with ecosystem services with the society (Artmann et al., 2017; Lindholm, 2017; Schröter-Schlaack 
and Schmidt, 2015; Sylwester, 2009; Karhu, 2011). 
Some definitions consider GI as a multifunctional resource, providing goods and services. These goods play a role 
in preserving the quality of life, environment and natural elements, but also contribute to job creation. Certain 
definitions emphasize the ability of GI to replace or complete artificial infrastructural elements. Connection of 
urban and rural areas and sustainability are only seen in a couple cases, although this is an important addition of 
the GI concept to its predecessors (The Landscape Institute, 2009; Amati and Taylor, 2010; Naumann et al., 2011). 
The cause may be hidden in the question of different scale and land use types (Bartesaghi et al., 2016). In summary, 
the Hungarian concept of green space systems is not a perfect match for the concept of GI; the wider frame of 
thought is explained in the following. 
 GI definitions are not solely based on the elements, but on the importance of interactions between near-natural 
areas and the society: they consider service capability, economic significance and sustainability (McMahon 
and Benedict, 2002; Benedict and McMahon, 2006; DCLG, 2008a; DCLG, 2008b; Natural England, 2009; 
CABE and Natural England, 2010; Naumann et al., 2011; EC, 2012; EC, 2013) 
 Focus of examinations does not only consider vegetation, but water surfaces and artificial infrastructure 
elements are also included. (CABE and Natural England, 2010; Davies et al., 2010; Naumann et al., 2011; 
EC, 2013; Mell, 2017) 
 Definitions often highlight the importance of the quality/status (e.g. air quality, water quality) of natural 
elements. (TCPA, 2008; Siemens, 2012; Natural England, 2009; Siemens, 2009 Gill et al., 2009). 
 The networks are constructed from both point-like and extensive areas, depending on their location and 
function. (Opdam et al., 2006; Natural England, 2009) 
 Thinking in network, its aim is the development of the network (McMahon and Benedict, 2002; Benedict and 
McMahon, 2006; Opdam et al., 2006; DCLG, 2008a; DCLG, 2008b; Natural England, 2009; CABE and 
Natural England, 2010; Naumann et al., 2011; EC, 2012; EC, 2013; Reimer and Rusche, 2016). 
There is also a tight connection between the concepts of GI and ecosystem services, which include all services and 
goods provided for the society by the nature and biodiversity. These include amongst others the ecological basis 
of healthy food, clear freshwater and clear air, habitat, pharmaceutical ingredients, the role played in avoiding or 
mitigating the effect of natural disasters, epidemics and diseases, and climate control (CBD, 2015). This concept 
embraces aspects of ecology and social sciences as well, thus providing an excellent support for policymaking. 
As it can be seen from the previous brief overview, existing definitions allow a broad interpretation; in the paper 
only green and blue infrastructural elements were considered. After identifying the GI elements, they were 
evaluated as ecosystem service providers in order to develop proposals which can serve the development of both 
the local environment and the local economy. The conceptual frame used in the work can be summarized as follows: 
GI is a resource, which provides ecosystem services. These goods play or can play a role in preserving or improving 
the quality of life, environmental and natural elements, and supporting economic growth. Identification of GI 
elements (scale, size, functionality or role) is primarily determined by development goals. The elements form a 
network, which provides the connection between natural and near-natural areas. Development of urban GI 
considers the characteristics of the area, the needs of locals and contributes to the formation of a more sustainable 
environment. 
2. Methods 
In this section various methodologies are presented and compared, which are all designed to characterize GI 
services. During the work, besides literature, special emphasis was given to the national guide released in 2016 
(Manual for Development and Maintenance of Green Infrastructure, 2016), to develop a methodology that suits 
both international and national legislations. 
After defining the conceptual frame, characteristics of the administrative area of Keszthely and the institutional 
background was reviewed. A list of areas was prepared, which are of outstanding importance due to traditional or 
everyday use or are subject of future development. (5t and HÉTFA, 2015; Varsás, 2017; Koller, 2001; Szabó, 
2013) Afterwards, GI elements forming the GI network were identified and grouped according to their types (tree, 
tree alley, park and extended green area, surface water and urban fabric); their digitalization in Geographical 
Information Systems-GIS (ArcMap) was carried out using Google Earth records and the base map of the city in 
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vector dataset. Field surveys were carried out in July and August 2016 in order to identify new elements and to 
clarify earlier records, and interviews were organized with professionals, municipal employees and locals. 
Evaluation was carried our along multiple aspects (ecological quality, aesthetics, ecology services and usability) 
to integrate ecological and social proposals. Indicators were defined for the elements (see Table 1.), and ratings 
were assigned after the field survey on 3 or 5 grade scales. Quality characteristics of the outlined network were 
evaluated, and SWOT analysis was carried out to summaries main experiences. The elaborated proposals include 
more and more detailed interventions from the GI network to GI elements (Figure 1). The methodology has later 
served as a basis for the Green Infrastructure Development and Maintenance Action Plan of Keszthely (HÉTFA 
Research Institute, 2017). 
2.1 Possible GI Examinations 
Two methodologies were identified in the literature to characterize cities from the aspect of their GI, which 
emphasizes either the elements of green and blue infrastructure and the quality of ecological services. Other notable 
aspects to consider: 
 characterisation of green and blue infrastructure elements (GI elements) (Jombach, 2014) 
o based on scale/size, e.g. local, urban, regional (The Landscape Institute, 2009) 
o naturalness (Naumann et al., 2011) 
o type of elements e.g. gardens and parks, pleasant green spaces, natural or near-natural urban green 
spaces, green corridors, community gardens, cemeteries, churchyards (Natural England, 2009) 
 measurement of the quality of ecosystem services (GI functions) (CABE and Natural England, 2010) 
o according to environmental factors (Siemens, 2008; Siemens, 2009) 
o based on the opinion of locals and investors enjoying the benefits of ecological services (McDonald et 
al., 2005; Natural England, 2011) 
o monetizing the value of services (Tajima, 2003; Naumann et al., 2011; Mell et al., 2013) 
 mixed evaluation methods (McDonald et al., 2005; TCPA, 2008; Natural England, 2009; EEA, 2014), like 
the European Green Capital system. The essence of these methods is to examine the elements using separate 
aspects and then evaluating ecosystem services based on environmental elements, human aspects or the 
monetization of services. Conclusions are drawn in two different ways. 
Because of the above listed aspects, it was important to develop a methodology which is capable of handling both 
GI elements and the network. It was also an objective to support the strategic decision-making of the municipal in 
the future as well through the analysis and evaluation process. Consideration of the organic and direct connection 
between society and its natural environment was crucial to develop proposals, that are useful from a societal 
perspective. Finally, it was important to create a database that is compatible with GIS, providing basis for future 
development and the evaluation of results. 
The applied methodology was a mixed one that incorporates several aspects of above mentioned literature, 
optimized in light of the specialties of urban areas and the guide for GI (Figure 1).  
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Quality of GI elements and ecosystem services were both considered, and two methods were used during the 
evaluation process: one by one ranking of GI elements and collective ranking of urban arrays were performed. 
Quality criteria, ecosystem services and functions were examined for each GI element, then they were summarised 
to evaluate the whole GI network. Quality criteria were evaluated according to separate methods for each group 
(tree, tree alley, green space, surface water, urban fabric) 
Ecosystem services were evaluated using an own method, based on the one published by Koscke et al. (Koschke 
et al., 2012), verifying the existence of six functions. These groups were formed based on the groups defined by 
the Millennium Ecosystem Assessment (2005) in a way that resulting categories can be easily understood by local 
players and stakeholders. This system is different from the widely used cascade model (Haines-Young and 
Potschin, 2009), Common International Classification of Ecosystem Services CICES-V4-3 2013), which eases 
cooperation with multiple social players. Indicators of the Koschke et al. (2012) study were adapted to Hungary, 
while rating with scales were kept unchanged. In summary, the developed methodology, the applied examination 
and evaluation frame, the simultaneous application of various aspects are own contributions, which are suitable 
for international and national practice and the characteristics of Keszthely, and provide results, which are easier to 
interpret for the stakeholders. 
2.2 About Keszthely 
The study area is Keszthely (Figure 2) town with its administrative area of 76 km2 and 19 289 inhabitants 
(Hungarian Central Statistical Office, 2019). It is located in Central Eastern Europe, Transdanubian region of 
Hungary at the shoreline of Lake Balaton, and in the neighborhood of Hévíz spa, both popular touristic destinations 
of international audience. Its natural values are unique, because of Keszthely mountain and buttes nearby and 
Balaton natural protected area. The cultural heritage also remarkable, heritage fortress from Roman Empire and 
Festetics Castle. However, the town is an important target of visitors its population is shrinking, like most of 
Hungarians. 
 
Figure 2. Map of Keszthely (Source: Google Earth) 
 
2.3 Adapting GI methodologies to the City of Keszthely 
The identified GI elements were digitalized using GIS-ArcMap software 10.2.2., to create a database for later 
use as well. A fully detailed map, provided by the city council, was used during this process, so that existing 
parcel allocation could be considered. Grouping of various GI elements was carried out according to suggestions 
of the literature and the characteristics of Keszthely, in the following way: 
 Tree: point-like element. The need for a tree cadastral database was identified during the interviews with 
municipal employees, thus the methodology for examining and evaluating trees was incorporated in the work. 
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 Tree alley: linear element, corridor of the GI network 
 Park or extended green area: possible centres of GI 
 Water elements: water surfaces, which could be linear (watercourses) and two-dimensional-surface (lake 
Balaton) by their nature. 
Simultaneously, an analysis of urban fabric was performed, which included the above listed elements; important 
elements of the GI network are the green areas of private gardens and yards, which have been identified on array 
level along the roads, with more detail (in blocks) in downtown and less (in group of blocks) in outer downtown. 
Results of this examination are shown in Table 1. 
 
Table 1. Applied delineation and data for description of green infrastructure element 
GI elements Delineation General data collected during the examination 
Tree 
Notable trees: trees under local 
protection based on the database of 
dendromania.hu 
Cadastral database 
Type and location of the element, name of public 
domain, year of last recorded development, species 
and subspecies, trunk circumference, canopy 
diameter, height 
Tree alley 
Tree alleys under local protection or 
having cultural significance, other 
important tree alleys identified by 
field surveys and Google Earth 
records 
Type and location of the element, name of public 





Green surfaces and other important 
green areas identified by field surveys 
and Google Earth records 
Type and location of the element, name of public 
domain, year of last recorded development 
Water surface Water surfaces based on national river basin management plans 
Type and location of the element, name of public 
domain, year of last recorded development, type and 
description of water surfaces, existence of grey 
infrastructure, watershed area, planned interventions
Urban fabric 
Urban arrays in downtown (so-called 
City Centre Action Area-CCAA), 
group of arrays in outer downtown 
Google Earth records 
 
Since GI systems can have various interpretations, GI elements were evaluated using three aspects. Evaluation of 
the quality is informative regarding single elements, but due to their difference (and thus different methods), these 
elements are hard to compare. A comparison can be given though by using the conceptual frame of ecosystem 
services, since it not only convers ecological quality but also the relation to society and the people using these 
services. The GI system provided ecosystem services on a very broad palette; for easier understanding, five groups 
were formed. Evaluation of each function provides information purely on the use of GI, considering the viewpoint 
of locals and visitors. In summary, the triple structure of the evaluation supports the understanding of the following 
aspects: 
Quality: ecological status, individual characteristics, aesthetics 
Ecosystem services: integrated approach using ecological quality and socio-economic value, provides comparable 
characteristics 
Functions: social approach based purely on the usage, provides comparable characteristics 
One-by-one evaluation of the quality of GI elements allows to collect information on their status and to elaborate 
development proposals. Frame of quality evaluation is based on national practice, but in some cases unique 
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Table 2. Information for assessment according to green infrastructure elements 
GI 
elements 
Evaluation of quality (ecological and 
aesthetical value) 
Evaluation of ecosystem 
services 
Evaluation of functions 
(economic value) 
Tree Condition survey designed by Szaller (2013), protection (1 to 5, 5 is the best)
Based on the categories of 
Koschke et al. (2012) 
Ecological integrity: 
Water (balance) 






Human health and well-
being: Clean air 
provision, clean water 
provision, recreation and 
ecotourism 
Mitigation of climate 
change impact: Local, 
and global climate 
regulation, water 
(balance) regulation, soil 
erosion protection 
Bio-resource provision: 





contribution to overall 
value added 
Cultural and community 











Species richness, diversity of 
herbaceous and woody plants, presence 
of invasive species, balance of human 
use and ecological quality, protection. 
Quality indicators: lawn, pavement, 
flowered surface, public art, 





Balance of human use and ecological 
quality, quality of riverside and shore 
vegetation, source of environmental 
load (River Basin Management Plan of 




Proportion of built up areas and open 
spaces   
 
The elaborated methodology was applied to evaluate the GI system of Keszthely in order to improve the 
deficiencies and exploit the potentials of development. Similarly, to other Hungarian cities, Keszthely is struggling 
to preserve its population and to provide a livable environment to locals. The identity of Keszthely is dominantly 
determined by its green environment; a centerpiece of cultural heritage is the Castle park (heritage of the Festetics 
family), the exceptional black pine tree alley called „Fenyves allé”, the proximity of lake Balaton, or the Helikon 
park, which are all symbols of the city. These valuable green areas are also reflected in the development strategy 
and environmental protection programmed of the city. Medium-term development plans are summarized by the 
Integrated Community Development Strategy, which has also defined action areas, of which the most important 
is the City Centre Action Area (CCAA). 
3. Results and Discussion 
It was found that Keszthely possesses excellent natural conditions and several protected areas, but since its 
economy heavily relies on tourism, the city is vulnerable to macroeconomic effects. The proposals for the 
examined area are shown on the right side of Figure 1. The selected areas and arrays are those elements of urban 
fabric, to which the proposals were prepared for. In case of object-level planning, these are able to ensure the 
development of GI quality. In the following, triple evaluation of GI elements is presented for the CCAA (Figure 
3). 
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Figure 3. Assessment and recommendations for City Centre action area 
(Kastélypark-Castle park, Rákóczi tér-Rákóczi square, Sportpálya-Sport track, Balaton-part-Bank of Lake Balaton, 
Várkert-Castle garden, Deák F. u. 65.-Deák F. str. 65, Zeppelin tér-Zeppelin square) 
 
3.1 Quality of GI Elements 
Status of notable trees is varying while planes (Platanus x acerifolia) and the ginkgo (Ginkgo biloba) are of good 
conditions, the city’s oldest oak tree (Quercus robur) is almost completely dead. Environmental load of tree alleys 
is high, especially along busy roads; exceptions are found near the lakeside. The protected and old tree alleys along 
roads are typically in uniform conditions, necessary replacements are done with same species and varieties. Several 
deficiencies are observed on the trees of Fenyves allé, replacement of dead specimen is yet to be carried out and 
is made more difficult due to the variety that is rarely sold in Hungary (Figure 4). 
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Figure 4. The assessment of extended green areas and alleys in Keszthely 
(Kastélypark-Castle park, Rákóczi tér-Rákóczi square, Footballpálya-Sport track, Balaton-part-Bank of Lake 
Balaton, Várkert-Castle garden, Deák F. u. 65.-Deák F. str. 65, Zeppelin tér-Zeppelin square, Szt. Miklós temető-
Szt. Miklós cemetery, utca-street, fasor-tree alley, allé-alley, liget-grove, sétány-alley, tölgy-oak tree, 
páfrányfenyő-ginkgo tree, platán-plane tree) 
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The parks possess good quality lawns, tree- and shrub population. Preservation of the quality is assisted by proper 
selection of species and varieties, and integrated and systematic plant care. Flowered surfaces are relatively rare 
in the city, they are usually found on representative squares. Putting more emphasis on the use of pervious covers 
would also help rainwater management. The most uncared parks are out of touristic attraction and its neighborhood, 
while the highlights of townscape are the northern lakeside, the St. Miklós cemetery, the Castle garden and the 
Castle park. 
Considering surface waters, overuse may pose a threat in Keszthely-bay, in Hévíz-flow and the Óberek canal. 
During the evaluation of the elements of urban fabric, highlights were dominantly found in downtown, in form of 
squares and parks enclaved within densely built areas with low proportion of green areas. In these areas, stress of 
tree alleys is higher, thus not only preservation of existing population, but planting of new units is recommended. 
3.2 Level of Ecosystem Services Provided by GI Elements 
Considering ecosystem services during the evaluation as a common point of ecological and social roles was a new 
aspect in the examination. The results were dominantly affected by the status, location and usability of the elements, 
and the surrounding environment. 
The results indicate that the most valuable ecosystem providers of the city are the Keszthely-bay and the connecting 
lakeside, the Keszthely-mountains, and the downtown parks, which are in good conditions. The highest value was 
given to the tree alley of Kossuth Lajos street, due to its touristic importance and the vegetation that is in good 
condition. From the aspect of land use, the highest values were given to the reeds, the forest and the marshlands, 
thus highlighting the Vadaskert among neighboring agricultural lands. Lower values were given to industrial and 
service areas, mines and extensive agricultural fields. 
The evaluation has brought the neglected areas to the surface, which are located on the outer border of downtown. 
The lack of connections between valuable areas was also standing out, which could be remediated by planting tree 
alleys and forming park networks. Watercourses have weak usage values. Water retention is not applied in green 
areas, current practice aims to provide fast draining and no innovative solutions are seen. Lack of financial 
resources result in missed investments; quality issues and function deficits were identified. Attention was drawn 
to insufficiencies of tree care practice. 
Two areas were identified as important ones from the aspect of ecosystem services and GI network: the marshlands 
at the junction of the western agricultural fields and the western lakeside of Balaton, which is located at important 
crossroads. The other area is found west from the Castle garden and east from Vadaspark; it consists of Dobogó-
major and its surroundings. Specialty of these areas is that they show high variations of land use and ecosystem 
services. They are intensively used due to transport corridors, but future development of ecosystem has a great 
potential. 
3.3 GI Functions 
Evaluation of the functions provided the most useful results in case of parks and extended green areas, but 
interesting experiences were gathered in case of trees, tree alleys and surface waters as well. Functions were 
identified in the case of trees and tree alleys if they are located at notable or intensively used places (highway tree 
alleys, hundred-year-old plane tree of a famous confectionary) or if they represent cultural heritage (Fenyves allé). 
The highest usage was experienced in case of the northern lakeside and the Keszthely-bay. The results are not 
surprising, as Keszthely relies largely on touristic incomes related to lake Balaton, thus functions are also deployed 
accordingly. 
Several functions are assigned to Vadaskert, Helikon park, the playground at Római street and Keszthely-
mountains, but these can be further developed by minor function extensions. Such option is to develop entrepreneur 
functions of Helikon park or sport functions of Vadaskert. Similar conclusions can be drawn in relation of the 
Castle garden and Kresz-park, both possessing three functions. 
In the areas, where two or less functions were identified, development is to be carried out based on the perceptions 
of locals; such work is harder to perform in case of trees and tree alleys of course. Age and excellent condition of 
the plane tree, located in the yard of the electricity utility company, justifies the need for wider access from 
Csókakő-creek. Recreational and business functions can be developed along the bicycle ways in Erzsébet-grove. 
The following GI elements were identified as function deficient: Pethe Ferenc Jubilee park, Héviz-flow and Óberek 
canal and watercourses on the boundary of Zala and Somogy county. 
Focusing on the CCAA is justified by the evaluation results as well. It was seen that the most densely built areas 
are located here, with very little green; its parks are function deficient and their quality is to be improved. Value 
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of ecosystem services is weak in case of Zeppelin square and Kresz-park. Detailed proposals prepared for the 
CCAA are shown in Table 3. 
 
Table 3. Recommendations for City Centre Action Area 
Area Issue to be handled Intervention  
Environment of Main and Rákóczi 
squares Heat island effect Increase of green areas 
Arrays south of the Castle park, 
environment of Kresz-park, Helikon 
park and the so-called villa area 
Lack of network connections, 
exposure to climate effects 
Quality improvement of 
green areas, multilevel 
vegetaion, tree care 
Arrays along Helikon park, Kresz-









Providing parking places 
Arrays east from the Castle park to 
Rákóczi square and arrays south of the 
square 
Lack of network connections, 
heat island effect Deployment of tree alleys 
Arrays east from the Castle park to 
Rákóczi square, along Fő street Exposure to climate effects Water retention 
 
However, our methodology strongly builds on existing national and international practice on monitoring GI 
element it is unique regarding the mixture of them and in the applied scale as well. The tree condition survey from 
Szaller (2013) did not published before as a part of a complex green infrastructure survey and the tree alley survey 
is a new development of the recent work. Although, park surveys still existing in Hungary and a detailed water 
surface survey is also available, researchers did not apply them as a part of such a complex survey. Also, the 
evaluation method of ecosystem services, that is suitable for wider social involvement was an important 
development of our work. Results of the survey can be well used in practice, and the methodology was designed 
to be future proof. Beside relying largely on the information of existing databases, the work includes an 
independent survey methodology as well. The formed GI system can be further developed by full and systematic 
assessment of each element and group. In the long term, creation of a downtown tree cadastral database is 
recommended, which includes one-by-one digitalization and assessment of trees (such database successfully 
integrated into tree care in Budapest or in other metropolis, like NYC, Melbourne. In smaller Hungarian towns the 
digitalization just has started). A more detailed mapping of outer downtown areas is also recommended to provide 
basis for measurement-based examinations, e.g. in the case of characterizing biodiversity. Measurement of 
environmental elements of the area should be monitored by remote stations, and results should also be incorporated 
in the characterization of the GI network, to get the fullest picture possible. 
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